assess the feasibility of utilising rainwater to replace treated mains water for nonpotable uses. The project involved the design, installation, commissioning and monitoring of rainwater harvesting on a farm. Two monitoring programmes, Regime 1 and Regime 2, examined the physicochemical and microbiological quality of the harvested rainwater. Samples were taken monthly and tested. Regime 1 analysis showed that the microbiological quality of the rainwater from the site did not comply with the requirements of the European Communities Quality of Bathing Water Regulations, while the physicochemical quality complied with both Bathing and Drinking Water Standards with the exception of ammonia and lead. Regime 2 results showed a significant improvement and were compliant with the European Communities Quality of Bathing Water Regulations and showed near compliance with the European Communities Drinking Water Regulation.
system have resulted in a second sampling regime, which is on going. The harvested rainwater was not disinfected
The recent socio-economic development in Ireland is posing problems for water supply infrastructures never intended to service the levels of demand being experienced. Water demand is typically met by importing large volumes of water from neighbouring catchments. All mains water in Ireland is treated to drinking water quality standards (O'Sullivan 2002) . The main water-using sector in Ireland is Industry, 74%, followed by Domestic use, 16%, and Agriculture, 10% (World Resources Institute 2008) . New water-efficient farming practices in Ireland such as innovative crop technologies, drip irrigation systems and rain water harvesting technologies will all need to be developed and applied (Curtin 2009 ).There are no National Water Quality Standards for Rainwater supply in Ireland. This study addressed concerns over harvested rainwater quality by undertaking two sampling programmes to establish the quality of harvested rainwater in an Irish context and to examine the potential of using rainwater harvesting systems to replace treated mains water for nonpotable uses for agriculture. Two distinct sampling regimes were carried out. The first, a 12-month regime, was carried on the first installation. Modifications to this or treated before testing.
Materials and methods

Pilot agricultural rainwater harvesting site
The agricultural site is located at Clonalvy, Co. 
Agricultural rainwater harvesting system
Regime 1 Figure 1 illustrates the rainwater water catchment network for the agricultural installation. Rainwater from two sheds/barns is drained by gravity to an underground precast 9 m was placed in the downpipe gutter as a filter. The collection tank was fitted with a pump and a float switch, and the overflow pipe was connected to an adjacent field drain. The harvested rainwater was pumped via a 25 mm rising pipe to two 22 m 3 precast concrete reservoir tanks located on an adjacent elevated site. A mains top-up connection ensures mains water supply to the reservoir during periods of low rainfall. The harvested rainwater is distributed, via a 25 mm pipe, by gravity to supply the drinking troughs for cattle on the farm.
Regime 2
Owing to the unsatisfactory performance of elements of the original installation, it was decided to alter components of the Rainwater Harvesting system. A Lindab leafbeater TM and a BRAE TM filter were installed on the Collected rainwater to collection tank and storage tank three downpipes conveying the rainwater, via the underground pipework, to the collection tank. The leafbeater was installed before the Brae filter. The design of the leafbeater is such that it allows the removal of larger solids, while the fine filter on the Brae traps the finer particles. The leafbeater is self-cleansing while the brae filter requires periodic cleaning of a removable mesh. The fine filter on the pump in the collection tank was also replaced. Manhole covers covering the underground pipework in the farmyard were sealed, using a silicon sealant.
Testing methodology
Rainwater from the underground reservoir was sampled monthly. Samples were taken aseptically and transported to the laboratory within 4 h and were stored at between 2 
Results
Regime 1: physicochemical water quality Regime 2: physicochemical water quality Regime 2: microbiological water quality 
Regime 1: microbiological water quality
Cadmium, total Units mg/L mg/L mg/L mg/L mg/L pH units mg/L mg/L NTU mg/L mg/L mg/L mg/L mg/L MeanCadmium, total Units mg/L mg/L mg/L mg/L mg/L pH units mg/L mg/L NTU mg/L mg/L mg/L mg/L mg
Rainfall characteristics
Discussion of results
Regime 1
All results were obtained without any form of disinfection or the use of a first flush device. The microbiological 4 . results show that there is a major and consistent problem with the microbiological quality of the water. The levels of coliforms found in the water are sometimes in breach of the Bathing Water Regulations. The numbers of coliforms peaked twice at 3500 MPN/100 mL and at no stage was this system free from coliforms. In each sample taken, E. coli and faecal coliforms were also detected. The numbers of each detected were significant, with a maximum level of 48 800 MPN/100 mL for E. coli and 600 CFU/ 100 mL for faecal coliforms.
The physicochemical results for Regime 1 were compliant with the Drinking Water Regulations, with the exception of iron, lead and ammonia. The presence of iron and lead in the water is likely as a result of leaching from the roof surface. The presence of ammonia as NH3 confirms the observations made in relation to the microbiological results, as ammonia is also an indicator of faecal contamination. The significance of high levels of ammonia in the water may have to be taken into account in any future chlorination of the system. The formation of chloramine compounds (which are much less potent disinfectants than free chlorine) by reaction between the added chlorine and the ammonia present in the water necessitates an increased use of chlorine if disinfection efficiencies are to be maintained (EPA 2001) . The presence of cattle and their waste is ubiquitous in a farming context and therefore ammonia values are problematical when collecting rainwater on a farm. Sealing of the manhole covers, while likely to reduce ammonia in the harvested rainwater, is unlikely to eliminate it altogether as the parameter is likely to be present in the atmosphere surrounding intensive cattle rearing operations.
Sources of contamination
The roof top has been reported as the source for the majority of contaminants entering rainwater harvesting systems (Simmons 2001) . Microbiological contamination occurs through faecal contamination from birds and small mammals and leaves dropping from overlying vegetation. Other possible entry points at ground level within the catchment system include manholes, and the rainwater storage tank. Inefficient downpipe filters may also contribute to contamination of the rainwater tank by allowing contaminants from roof surface to enter the storage tank. Inspection of the system revealed a number of construction issues. The manhole covers were never properly sealed after installation. This provided a potential entry point for surface water from the farm yard containing animal waste and debris to enter the collection tank. It was also ascertained that the storage tank was left open for some time after installation and before commissioning of the system. The system was not flushed out or chlorinated before use meaning that there was no chance to remove any of this built up debris.
Regime 2 Acknowledgements
Extensive work was carried out to the rainwater drainage network during August-October 2007 including the fitting of coarse and fine mesh filters to all downpipes and all manholes were sealed to eliminate potential contamination of the rainwater supply by the ingress of farmyard effluent. The collection tank was cleaned out on two occasions. With the completion of the new installation, four samples were taken in the period January 2008 to April 2008. Variations in rainfall characteristics combined with the limited number of samples taken during Regime 2, give rise to some uncertainty in comparing results. The quality of the harvested rainwater for this period shows compliance with the Bathing Water regulations. Compliance with the Drinking water regulations was achieved with the exception of three parameters, two microbiological, coliforms and E. coli, and one physicochemical, nitrate as ammonia. The continuing high value for ammonia in the harvested water may be a feature of the agricultural environment. Coliforms and E. coli were detected in the harvested rainwater but at significantly reduced levels. The mean level of E. coli dropped from 260 to 0.75 MPN/100 mL. This difference is likely to be caused by the cleaning of the storage tank combined with the sealing of the manholes eliminating surface contamination from the farmyard. It also confirms the importance of an efficient filter device to reduce the level of roof contaminants entering the system.
Conclusions
(1) The rainwater harvesting installation setup in Clonalvy, Co. Meath, referred to as Regime 2, supplied harvested rainwater, which complied with Bathing Water Regulations.
(2) The physicochemical results from the site during the initial period, referred to as Regime 1, supplied harvested rainwater, which complied with the Drinking Water Regulations over the sampling period, except for ammonia. The microbiological results breached both the Drinking and Bathing Water Regulations on all sampling dates. 
